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Also relevant for convective
\\Parameterizations, high-impact

Moﬁvaﬁ on weather, weather monitoring,

atmospheric dynamics

A downscaled version of IMERG is needed for studies of air-sea interaction, and
oceanography because these processes are forced by instantaneous rain rate

IMERG has effective resolution ~ 15-30 km, and rain amounts ~ 30-90 min mean rate
Ocean Validation “OV" is needed for 75% of Earth not covered by GV

Error characterization is also needed for satellite rain products
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Higher resolution rain information must be extracted
from IMERG to use remotely-sensed rain data to
study air-sea interaction




Motivation: most tropical oceanic rain events are smaller and

more quickly evolving than satellite observation scales

Wilheit et al., 1991; Chiu et al., 1993;: Kummerow, 1998, Viltart et al. 2006, Trivej and Stevens 2010, Xu and Rutledge 2014, Tan et al. 2017,
Thompson et al. 2019

Previous results from

Passive microwave satellite beam width ~ 15-30 km; tropical E. Pacific

narrower rain features are missed in IMERG
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Rain stabilizes the ocean surface, decreases turbulent mixing
and produces shallower ocean mixed layers

: _9 _p_*
A 10 mm h-! rain rate produces as much buoyancy  aiae {W(P E) = ¢, (Quax + Qsens + Csolar + Q) +“ATP]
at ocean surface as maximum daytime solar Rain Freshening Heating Rain Cooling
heating in tropics; 200+ mm h-' is regularly observed. and Evaporation Term Term Term

107 Central Indian Ocean. Oct 2011

mJo: *>° ~ Suppressed Disturbed ~ Active = WWB
— buoyancy flux due to net heat flux Thompson et al. 2019,
— buoyancy flux due to rain (gauge + ship radar) JGR Oceans




Flux of cool rain onto the ocean significantly
enhances heating of the atmosphere
Hrain = ch P (TW - SST)

PISTON Sept 2019: Philippine Sea

surface heat fluxes

— latent Gosnell et al.
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—rain ]995, JGR
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Objective 1a: produce rain and wind
dataset from global array of acoustic G
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sensors and moorings

oceanic rain and flux data: 1998-present

o 61 PALs on Argo Floats (initial positions)
O 3 PALs on WHOI and NOAA moorings
0 10 WHOI research moorings
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PAL's viewing diameter across the ocean
surface is 5 X its depth

satellite .
footprint PAL’s distributed

sampling strategy
5km diameter provides an ideal means

ocedan @ for comparison to
surface satellite rain products
PAL sampling and their downscaling;
volume better than rain gauges
A

PAL = passive ay 1 km depth
acoustic listener I




PAL produces excellent representation of
instantaneous rain rate from serviced moorings

FIGURE 4. Comparison
: : : : : of six months of rain
Yang et al. | | rates measured by a
2015, TOS : : : : : 1 PAL deployed at Ocean
Station P and by an in situ
rain gauge mounted on
the NOAA-Ocean Climate
Station buoy at Ocean
Station P.
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Visit Jie's
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PAL produces excellent representation of wind speed
and accumulated rain from serviced moorings

PAL SPL+1dB
m— PAL mean
= NOAA, cutoff 0.1mm/hr

Yang et al. == NOAA, cutoff 0.4mm/hr

-

—_

Wind speed (m/s)

Accum. rain amount (mm)

2015, TOS
Visit Jie's
poster
tonight for
more

details!
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FIGURE 3. Comparison between PAL and NOAA buoy data collected at Ocean Station P for (a) wind speed, and (b) total
accumulated rain from 2007 to 2012. In (b), the background cyan curve shows the uncertainty bounds of PAL estimates, and
the blue is its mean curve. Because NOAA buoy data show clear noise, including negative rain rates, the data were cut off
at 01 mm h™ and 0.4 mm h™" to calculate total rain amount to compare with PAL.




Objective 1b: downscale IMERG over
locations of in-situ oceanic rain estimates

Downscale IMERG or its components from
30-10km ->5km ... 30 min->1-2 min

(c) IMERG 07:1!

& IMERG

Coarse rain field ..: ~ Downscaled
fed into RamFARM- 'k N RainFARM
' PR .~ output

204 =
km 112\/ 112

Adapted from R06 (Rebora et al. 2006a) 0




RainFARM downscaling technique can be
applied in space, time, or both dimensions

rain rate

Rebora et al.
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Objective 2: Compare in-situ acoustic rain
dataset to original vs. downscaled IMERG

Spatially averaged rain [mm h'] over 250 km domain of:

" | e Original radar data (2 km / 10 min resolution)
== == == ensemble mean of 100 downscaled versions of original datz

produced from coarsened radar fields (8 km / 40 min) Iﬂ dlffel’eﬂT regIOﬂS, SeCISOﬂS, Ond
‘ inferannual states

Comparisons:

Confidence bounds:

gray area includes as a function of atmospheric,
95% of the 100 i

downscaled values oceanic, and rain
foreachtime characteristics.

characterize uncertainty

| Adapted from R0O6

(Rebora et al. 2006a) ' Hypothesis: downscaled IMERG will
improve characterization of in-situ
rain




Objective 2: Compare in-situ acoustic rain
dataset to original vs. downscaled IMERG

Spatially averaged rain [mm h1] over 250 km domain of: . " '
2.5 original radar data (2 Km / 10 min resolution) ' mmmmmm Gauge Observations

== == == ensemble mean of 100 downscaled versions of original datz s Downscaled Regional Model
produced from coarsened radar fields (8 km / 40 min) i
s Regional Model

Confidence bounds:
gray area includes
95% of the 100
downscaled values
for each time

probability of exceedance

| Adapted from R0O6 i
! -6
(Rebora et al. 2006a) i Adapted from D14
(D’Onofrio et al. 2014)

100 200
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Objective 3: Use in-situ rain, downscaled
IMERG, and original IMERG to estimate rain’s
impact on ocean.

oceanic rain and flux data: 1998-present

© 10 WHOI research moorings

o 61 PALs on Argo Floats (initial positions)
O 3 PALs on WHOI and NOAA moorings

o

Hypothesis: downscaled IMERG will improve air-sea flux estimates

freshwater fluxes into
ocean produce significant:

1. surface freshening

2. surface heat fluxes

3. surface buoyancy flux
- determines ocean
stability, mixing, heat
content, surface energy
budget




Relevance of Project and Deliverables

o 61 PALs
0O 3 PALs
o 10 WHO

oceanic rain and flux data: 1998-present

Deliverables:
20 —year Ocean validation dataset
downscaled satellite product... with uncertainty

Could be used in future modeling, technical, and
science projects

test and establish new methods for satellite
precipitation products to be used with greater
confidence and for new, interdisciplinary purposes
over oceans.

NASA Precipitation ->
ocean wind
physical oceanography
energy and water cycles
biogeochemical
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Motivation: The maijority of tropical oceanic rain events
are smaller than satellite observation scales

Wilheit et al., 1991; Chiu et al., 1993;: Kummerow, 1998, Viltart et al. 2006, Trivej and Stevens 2010, Xu and Rutledge 2014, Tan et al. 2017,
Thompson et al. 2019

Rain features < 15-30 km in diameter are Larger rain features > 15-30 km wide are
the most commonly-occurring events, by satellite rain products and produce detectable
but are often by satellites™ surface salinity signals in SMAP/SMOS/Aquarius

Uncalibrated Uncalibrated
I X-band intensity w v ‘I X-band intensity

Thompson et al.
2019, TOS




Project Relevance and Summary

More comparisons and error estimates are needed between in-situ rain data and satellite rain
products over ocean. This project will produce, analyze, and provide a global oceanic
acoustic rain dataset for use by NASA-funded and other researchers.

An existing, open-source downscaling methodology will be tested on IMERG for its ability to
produce high-resolution rain rates and error characterizations of these estimates that are
comparable to in situ rain measurements. These estimates and error characterizations are
needed for future observational and modeling studies of precipitation dynamics and
microphysics over oceans, and for understanding rain’s impact on the atmosphere and ocean.

The proposed research will test and establish new methods for satellite precipitation products to
be used with greater confidence and for new, interdisciplinary purposes over oceans. This
establishes a link between NASA PMM and other NASA programs such as biogeochemical and

physical oceanography, energy and water cycle studies, and measurement of the ocean
surface wind vector.




Technical Approach and Objectives

Objective 1: Produce datasets of in-situ rain rate and wind speed from the 64 PALs deployed from 2004 to
present day. Downscale IMERG fo PAL spafiotemporal scales over the locations of 64 PALs and 11 research
moorings.

acoustic estimates of rain rate and wind speed will be provided to the PMM science team for future “Ocean
Validation (OV)" efforts of satellite rain products.

downscaling produces synthetic estimates of uncertainty ~ likelihood of the mean realization

Objective 2: Compare the PAL oceanic acoustic rain dataset to original and downscaled IMERG rain in
different regions, seasons, and interannual states as a function of atmospheric, oceanic, and rain
characteristics.

tests Hypothesis 1: Downscaled IMERG rain fields can describe the magnitude and temporal variability of in-situ
rain measurements over the ocean.

Objective 3: Using original and downscaled IMERG rain products, mooring gauge rain, and PAL rain at
mooring locations, compare estimated and measured impacts of rain on air-sea interaction: ocean
freshening, rain buoyancy flux, and rain heat flux.

tests Hypothesis 2: Downscaled IMERG rain ensembles can improve the depiction of rain impacts on surface
heat and buoyancy fluxes and surface freshening compared to current IMERG products.




PAL-Argos listen to rain and wind while drifting at 1Tkm depth

-2 5 km diameter window of ocean surface...
then come up every 9 days to transmit data via Iridium
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Drifting trajectories of 10 PAL-Argo floats: Aug 2012 - Oct 2013

B = start location

% = end location

Yang et al. 2016, IEEE
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The PAL measures sound pressure levels from 0-50 kHz

... fo retrieve rain rate and wind speed
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M == wind 7m/s

== wind Sm/s

| == wind 3m/s

m— rain < 2 mm/hr

m— 2 <rain <5 mmtr
|| w5 < rain < 10 mm/hr

w10 < rain < 20 mm/r '

we rain > 20 mm/hr

... fo retrieve rain rate and wind speed

Drizzle is the loudest and
most distinguished sound;
PALs are very sensitive to

The PAL measures sound pressure levels from 0-50 kHz

beginning and end of

rain, and light rain

SPL at 20 kHz (dB)

Wind

Drizzle

Medium rain
Heavy rain
Close shipping
Distant shipping
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The PAL measures sound pressure levels from 0-50 kHz
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The PAL measures sound pressure levels from 0-50 kHz
.. fo refrieve rain rate and wind speed
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